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PROBLEM TO BE SOLVED: To minimize the capacitor size by maintaining the 
regulator's output voltage within specified boundaries for large bi-directional step 
change in load current. 

SOLUTION: A current sensor 64 at a controllable power stage 50 generates an 
output signal which varies along with the output current from the power stage 50. 
A current controller 66 receives the output signal thus generated along with the 
output 62 from a voltage error amplifier 59 to produce an output 67. In response 
to the output 67 from the current controller 66, a power circuit 68 generates an 
output voltage Vout. The output capacitor 56 of the power circuit 68, i.e., a 
regulator, maintains the output voltage within a boundary specified for the bi- 
directional step change in load current. Consequently, the capacitor size is 
minimized and the power circuit 68 can be compensated. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Maintain the output voltage of a regulator within the boundary specified 
to the bidirectional step change in the load current. It is the approach of making it 
possible to a voltage regulator to use the minimum output capacitor as much as 
possible. A voltage regulator with required within the boundary which adopted the 
output capacitor (56) and was specified to the bidirectional step change in the 
load current maintaining regulation output voltage (Vout) It consists of the step 
compensated so that the response may become flat after the output voltage 
reaches the peak deflection. The approach that said output capacitor required in 
order to perform said compensation is characterized by the thing which maintains 
the output voltage of said regulator within said specified boundary and which it is 
said output capacitor minimum as much as possible. 
[Claim 2] Maintain the output voltage of a voltage regulator within voltage 
deviation specification deltaVout specified to bidirectional step change deltalload 
in the load current. It is the approach of minimizing the size of the output 
capacitor of said regulator. It is the step which calculates the maximum 
equivalent series resistance Re (max) of the output capacitor (56) which the 



voltage regulator which supplies output voltage (deltaVout) to a load (RL) in an 
output node (52) adopts. Said output capacitor is connected to juxtaposition 
between said loads. Said regulator It is necessary to maintain the output voltage 
of a voltage regulator within voltage deviation specification deltaVout specified to 
bidirectional step change deltalload in the load current. The step which calculates 
Re (max) according to Re(max) =delta Vout/delta lload, It turns to the parallel 
connection of said output load and an output capacitor to the increment in a step 
in the load current equal to deltalload. As opposed to the step reduction in the 
load current equal to the absolute value and deltalload of the inclination for 
maximum good of the current which said voltage regulator pours in The step 
which determines the absolute value of the inclination for minimum good of the 
current poured in towards the parallel connection of said output load and an 
output capacitor, The step which judges the smaller one among said absolute 
values, and makes a value m the one where this absolute value is smaller, The 
step which determines the critical capacity Ccrit according to Ccrit=delta 
Noad/mRe (max), The step chosen in order to connect the output capacitor which 
is somewhat smaller than Re (max), or has the capacity more than the equivalent 
series resistance Re and Ccrit equal to this between said loads, the step which 
constitutes the output impedance of said voltage regulator so that it may become 
almost equal to Re - since -- the approach characterized by changing. 
[Claim 3] The good control power stage to which said voltage regulator answers 
the signal received in a control input (53), and supplies the output voltage of said 
regulator in an approach according to claim 2 (50), The electrical-potential- 
difference error amplifier (59) connected between said output node and said 
control input is included. In case the step adjusted so that said power stage may 
become almost equal to Re about a characterization eclipse and said output 
impedance by Transconductance g is performed, it is [Equation 1] about gain [ of 
said electrical-potential-difference error amplifier ] K (s). 
K(s)=(-1/gRe)(1/(1+sReC)) 

It is the approach which is alike, makes it equal and is characterized by what C 



and Re are said capacity and equivalent series resistance of an output capacitor 
which were adopted here. 

[Claim 4] Make it possible to maintain the output voltage Vout of a back mold 
switching voltage regulator within voltage deviation specification deltaVout 
specified to bidirectional step change deltalload in the load current. It is the 
approach of minimizing the size of the output capacitor of said regulator. Input 
voltage Vin Reception, It is the step which calculates the maximum equivalent 
series resistance Re (max) of the output capacitor (56) which the current control 
mold switching voltage regulator which supplies output voltage (deltaVout) 
adopts as the load (RL) connected to the output node (52) through the output 
inductor (L). Said inductor is connected to Vin and touch-down by turns with the 
1st and 2nd switches (72 74). It connects with juxtaposition between said loads, 
said output capacitor needs to maintain Vout within voltage deviation 
specification deltaVout specified to bidirectional step change deltalload [ in / in 
said regulator / the load current ], and it is [Equation 2] about Re (max). The step 
calculated according to Re(max) =delta Vout/delta lload, and [Equation 3] the 
step which is a step which determines the minimum inductance Lmin to said 
output inductor according to Lmin=VoutToffRe(max)A/ripple and p-p, and 
chooses the step whose Toff is a maximum-permissible peak pair peaking 
capacity ripple voltage here for the off time amount of said 1st switch, Vripple, 
and p-p, and the output inductor in which it has the inductance L1 more than 
Lmin in order to use it in said regulator, and Vout - < (Vin-Vout) - a case - 
[Equation 4] 

Cmin=deltalload/[Re (max) (Vout/L1)] 

It is [Equation 5], when it is alike, it follows and it is Vout>Vin-Vout. 
Cmin=deltalload/[Re(max) ((Vin-Vout) / L1)] 

the step which chooses in order to connect the output capacitor which has the 
step which is alike, follows and determines the minimum capacity Cmin of said 
output capacitor, and the capacity C almost equal to Cmin, and the output 
capacitor which has the equivalent series resistance Re almost equal to Re 



(max) between said loads, and the step which constitute the output impedance of 
said regulator so that it may become almost equal to Re - since - the approach 
characterized by to change. 

[Claim 5] It is the voltage regulator which maintains output voltage within voltage 
deviation specification deltaVout specified to bidirectional step change deltalload 
in the load current. It connects so that output voltage Vout may be generated to 
an output node (52) according to the signal received in a characterization eclipse 
and a control input (53) by Transconductance g. The good control power stage 
where said output node is connected to the load (RL) (50), The output capacitor 
which is an output capacitor (56) which was connected to said output node and 
connected to juxtaposition between said loads, and has equivalent series 
resistance Re, It has the electrical-potential-difference error amplifier (59) 
connected between said output nodes and said control inputs. Said good control 
power stage, said output capacitor, and said amplifier within voltage deviation 
specification deltaVout specified to step change deltalload in the load current The 
voltage regulator which needs to maintain the electrical potential difference in 
said output node is formed, said output capacitor has the capacity more than the 
critical capacity Ccrit, and it is [Equation 6] about this critical capacity Ccrit. It 
determines according to Ccrit=delta Noad/mRe. Here m 1) As opposed to the 
increment in a step in the load current equal to deltalload As opposed to the step 
reduction in the load current equal to the absolute value and 2lload of the 
inclination for maximum good of the current which said voltage regulator pours in 
towards the parallel connection of said output load and an output capacitor Are 
equal to the smaller one among the absolute values of the inclination for 
minimum good of the current which said voltage regulator pours in towards the 
parallel connection of said output load and an output capacitor. The voltage 
regulator characterized by what is constituted so that said voltage regulator may 
have an output impedance almost equal to Re. 

[Claim 6] It sets to a voltage regulator according to claim 5, and gain [ of said 
electrical-potential-difference error amplifier] K (s) is [Equation 7]. 



K(s)=(-1/gR0)(1/1+sReC)) 

It is the approach that be alike is given, g is equal to the transconductance of 
said good control power stage here, and Re and C are characterized by the thing 
respectively equal to the equivalent series resistance and capacity of said output 
capacitor. 

[Claim 7] Said capacitor is a voltage regulator to which it is characterized by 
being the output capacitor minimum as much as possible which makes it possible 
to maintain the output voltage within deltaVout to step change deltalload [ in / in a 
voltage regulator according to claim 5, it has the equivalent series resistance Re 
with said output capacitor almost equal to a capacity almost equal to Ccrit, and 
delta Vout/delta lload, and / in a voltage regulator / the load current ]. 
[Claim 8] It is the voltage regulator which maintains regulation output voltage 
within voltage deviation specification deltaVout specified to step change 
deltalload in the load current. The good control power stage which supplies 
output voltage (Vout) to a load (RL) in an output node (52) according to the 
electrical-potential-difference difference between the 1st control input (102) and 
the 2nd control input (104) (100), Said output node and the output capacitor 
connected to juxtaposition between said loads (56), The impedance Z1 
connected between said output node and the 1st node (110), The impedance Z2 
connected between said 1st node and reference voltage (Vref), The current 
sensor which generates the output voltage (Vout) changed with the output 
current (lout) which has the transformer resistance RS and is sent out to said 
load (106), It has the adder circuit (108) which generates output voltage equal to 
the sum of said sensor output voltage and the electrical potential difference in 
said output node. Said current sensor output voltage and said adder-circuit 
output voltage, respectively It connects with said 1st and 2nd control inputs. Said 
good control power stage, said output capacitor, Within voltage deviation 
specification deltaVout as which said impedance, said current sensor, and said 
adder circuit were specified to step change deltalload in the load current The 
voltage regulator which needs to maintain the electrical potential difference in 



said output node is formed, and, for said regulator, the ratio of impedances Z1 
and Z2 is [Equation 8]. 

Z1 / Z2=[(R0(1+sReC)-RS] it is constituted so that it may become equal to /RS 
here, Re and C) Respectively, it is equal to the equivalent series resistance and 
capacity of said output capacitor, and RO is equal to Re, when C is more than 
deltalload/mRe. When C is under deltalload/mRe, are equal to deltalload / 
2mC+[mC (R<SUB>e)] / 2deltalload. Or m 1) As opposed to the increment in a 
step in the load current equal to deltalload As opposed to the step reduction in 
the load current equal to the absolute value and 2deltalload of the inclination for 
maximum good of the current which said voltage regulator pours in towards the 
parallel connection of said output load and an output capacitor The voltage 
regulator characterized by the thing equal to the smaller one towards the parallel 
connection of said output load and an output capacitor among the absolute 
values of the inclination for minimum good of the current which said voltage 
regulator pours in. 

[Claim 9] Said impedance Z1 is realized in a voltage regulator according to claim 
8 by the resistor R1 and capacitor C1 which were connected to juxtaposition, an 
impedance Z2 is realized by resistance R2, said resistance R1 and R2 and 
capacitor C1 are constituted so that the output impedance of said voltage 
regulator may become equal to Re, and it is [Equation 9] by this. R2 / R1= (R0- 
RS) / RS, and [Equation 10] C1*R1=C[(R0Re)/RS] 

The voltage regulator which comes out and is characterized by a certain thing. 
[Claim 10] The voltage regulator which said current sensor and adder circuit are 
equipped with the resistor which has the resistance RS connected between said 
good control output stage in the 2nd node, and said output node in a voltage 
regulator according to claim 8, and is characterized by the electrical potential 
difference in said 2nd node being the output voltage of said adder circuit. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] About the field of a voltage regulator, if this invention is 
specified further, it relates to the approach of improving the response of the 
voltage regulator to the transient of a load. 
[0002] 

[Description of the Prior Art] Even if the purpose of a voltage regulator is the case 
where a demand of the changed load current for which electric power is supplied 
to non-adjusted input voltage must be filled, it is supplying almost fixed output 
voltage to a load. 

[0003] to sharp increase or reduction of the suddenly of the load current 
demanded by step status change-ization of the load current, i.e., a load, 
depending on an application, in order to maintain the output voltage of about 1 
law, a regulator is needed. For example, when a microprocessor may have 
"power saving mode", turns OFF the circuit part which is not used in this case, 
reduces current consumption to zero mostly and is needed, it must set these 
parts to ON, and the load current must usually be raised to a high value within in 
hundreds of nanoseconds in that case. 

[0004] If the load current has change, it is unescapable that a certain deflection 



arises in the output voltage of a regulator in practice. The magnitude of this 
deflection is related to both the capacity of an output capacitor, and equivalent 
series resistance (ESR). That is, deflection becomes large, so that ESR is so 
large that capacity is small, for example, in a switching voltage regulator (the 
output current is sent out through an output inductor and the output capacitor 
connected to juxtaposition between loads is included) Only lload increases in 
[ the current with which change (deltalload) of the load current is sent out to one 
load ] instant. Or the capacity of 2 output capacitor is very large, and since the 
ESR is still very smaller, if it is not extent which the deflection of output voltage 
can disregard, a result from which the output voltage of a regulator changes will 
be brought. The first alternative is impossible. It is because the current in an 
output inductor cannot change in an instant. Although time amount required in 
order to cope with change of the load current can be shortened by making the 
inductance of an output inductor small, for that, the rise of the switching 
frequency of a regulator is needed after all, and it is restricted by the dissipation 
in the limited switching rate of a switching transistor, and the drive circuit of a 
transistor. Although the 2nd alternative is possible, possibility of a very big output 
capacitor being needed, the space occupied on a printed circuit board being too 
large to remainder, or cost starting too much, or becoming these both sides is 
high. 

[0005] For the application with which the specification which restricts the 
deflection of permissible output voltage for the output voltage of a regulator 
narrowly to a narrow load transient response specification, i.e., a bidirectional 
step change of the load current, must be filled, it may become so large that this 
unescapable deflection cannot be admitted. When using here, "deltaVout" shall 
mean the peak pair peaking capacity voltage deviation shown in a graph while 
meaning the output voltage deflection specification of a regulator. The clearest 
solutions for improving a load transient response are increase of an output 
capacitance, and/or reduction of ESR of an output capacitor. However, a cost 
rise is caused, in order that the required volume (volume) may become large and 



may make PC-board area large so that an output capacitor becomes large 
(capacity becomes large and ESR becomes small) as described previously. 
[0006] One of the technique which improves a load transient response is shown 
in drawing 1 R> 1. The switching voltage regulator 10 contains the push and pull 
switch 12 connected between supply voltage Vin and touch-down. Two power 
metal-oxide semiconductor field effect transistor 14 and 16 changed synchronous 
usually realizes this. A driver circuit 18 is connected and one side or another side 
of MOSFETs 14 and 16 is changed by turns. The duty ratio modulation circuit 20 
controls a drive circuit. A circuit 20 contains the electrical-potential-difference 
comparator 22 which compares the error voltage received from the saw-tooth- 
wave clock signal received from the clock circuit 24, and the error signal 
generating circuit 26. Usually, including the high interest profit operational 
amplifier 28, a circuit 26 receives the electrical-potential-difference expression of 
output voltage Vout in reference voltage Vref and the 2nd input in one input, and 
generates the error voltage changed with the difference of Vout and desired 
output voltage. Moreover, a regulator contains the resistor RS connected 
between the output capacitor 30 shown by expressing as the output inductor L 
connected to the join between MOSFETs 14 and 16, equivalent series resistance 
Re, and an in-series capacity C, the output inductor, and the output capacitor. 
Vout is connected and a load 32 is driven. 

[0007] In actuation, MOSFETs 14 and 16 are driven so that Inductor L may be 
connected to Vin and touch-down by turns, and a duty ratio is determined by the 
duty ratio modulation circuit 20. A duty ratio is changed according to the error 
voltage which the error amplifier 28 generates. The current of Inductor L flows 
into the parallel connection of the output capacitor 30 and a load 32. On a 
switching frequency, since the impedance of a capacitor 30 is farther [ than that 
of a load 32 ] small, a capacitor filters most AC components of an inductor 
current, it removes, and all the direct currents are sent out to a load 32 as a 
matter of fact. 

[0008] If there is no series resistance machine RS, the electrical potential 



difference fed back to a circuit 26 will become equal to Vout, and the response to 
the step change in the load current of a regulator will serve as it of a typical 
switching regulator. The output voltage Vout of the regulator to step change of 
the load current lload shown in drawing 2 R>2b is shown in drawing 2 a. Since it 
cannot change in an instant, if lload changes suddenly, Vout will fall in the shape 
of a spike, and, finally, as for the current of L, a control loop will pull back Vout on 
the nominal-output electrical potential difference Vnom. Similarly, when lload falls 
in the shape of a step after that, Vout goes up in the shape of a spike, and 
returns to Vnom after that. The total deflection in output voltage deltaVout to step 
change of the load current is determined by the difference between two peaks of 
an electrical-potential-difference spike. When the regulator is restrained by the 
narrow load transient response specification, this deflection may exceed the 
tolerance allowed. 

[0009] connecting Resistance RS to Inductor L and a serial ~ (- an output 
terminal 34 ~ setting --) - deltaVout can be decreased. To step change of the 
load current shown in drawing 3 b, when RS is included, one of the possible 
responses is shown in drawing 3 a. When RS is contained in a proper place, a 
control loop does not already restore Vout to Vnom, and restores Vout to the 
electrical potential difference given with the value which subtracted the product of 
deltalload and RS from the electrical potential difference in a terminal 34 rather. 
That is, only delta load*RS becomes high rather than the case where the steady 
state value of Vout to a light load receives a heavy load. By making RS almost 
equal to ESR of an output capacitor, some narrow deltaVout(s) can be obtained 
rather than it is obtained, when not using RS. 

[0010] About the fault of the circuit of drawing 1 , one of them is shown in 
drawing 4 R>4a and drawing 4 b. In this case, the load current ( drawing 4 b) falls 
in the shape of a step again, before Vout ( drawing 4 a) stabilizes in a steady 
state value. If high rather than Vout can set to drawing 3 a when lload falls, the 
peak of a upward Vout spike will also become high and overall deflection 
deltaVout will become larger than the case of being other. Thus, in order for that 



deflection becomes large to fulfill a narrow output voltage deflection specification 
especially, a regulator 10 must use a bigger output capacitor and the ESR means 
becoming small-like proportionally. Since the cost of a capacitor is in inverse 
proportion to that ESR in approximation, as for costs, it may start [ fulfilling this 
specification ] too much. 

[001 1] Another fault of the circuit of drawing 1 is that remarkable power 
consumption is needed for the series resistance machine RS. For example, if RS 
is assumed to be 5mohm and a maximum load current is assumed to be 14.6A, 
the consumption in RS will be set to 1.07W. 

[0012] In improving the load transient response of a regulator, the technique 
using a different control principle D. "V2 of Goder (D. GODA) and W.R.Pelletier 
(W. R. PERECHIA) Architecture Provides Ultra?Fast Transient Response in 
Switch Mode Power Supplies" (V2 architecture brings about a ultra high-speed 
transient response in a switch-mode power supply), HFPC It is indicated by 
Proceedings and 19-23 pages in PowerConversion and September, 1996. The 
regulator indicated in this contains an output inductor and a capacitor same with 
having been shown in a push and pull switch, a driver circuit, an error amplifier, 
and drawing 1 . The signal showing the output voltage of a regulator is supplied 
to both error amplifier and an electrical-potential-difference comparator. An 
electrical-potential-difference comparator also receives the output of error 
amplifier. When the output voltage of a regulator exceeds the output of an error 
amplifier, the output of a comparator shifts to quantity, carries out the trigger of 
the monostable multivibrator, and turns OFF an upper switching transistor 
covering a predetermined time interval. 

[0013] The transient response of this circuit is designed so that it may become 
more nearly high-speed than that of the circuit of drawing 1 . The step of the load 
current changes the electrical potential difference in a comparator immediately, 
bypasses blunt error amplifier, and shortens the response time by this. However, 
even if the response time becomes short, the configuration of response trace can 
be similar with what is still shown in drawing 3 a, and any improvement cannot 



almost be found in the magnitude of deltaVout. 

[0014] Another switching regulator is "Fueling of L.Spaziani (L. SUPATCHIANI). 
the Megaprocessor 7 DC/DC Converter Design Review Featuring the UC3886 
and UC3910" (examination of the DC/DC converter design characterized by 
electric supply 7UC3886 of a megger processor, and UC3910), Unitrode 
Application Note It is indicated by U7157, 37541, or 37570 pages. The control 
principle which adjusts by controlling the average of the current in an output 
inductor and which is known as "average current control" is used for this 
regulator. A resistor is connected to the output inductor of a regulator, and a 
serial, current detection amplifier (CSExurrent sense amplifier) is connected 
between this resistor, and an inductor current is detected. The output of CSE is 
supplied to current error amplifier with the output of electrical-potential-difference 
error amplifier. Electrical-potential-difference error amplifier compares the output 
voltage of a regulator with reference voltage. A comparator receives a saw-tooth- 
wave clock signal in the output of current error amplifier, and the input of another 
side in one input. A comparator generates a pulse-width-modulation output and 
drives a push and pull switch through a driver circuit. 
[0015] In actuation, according to increase of the load current, output voltage 
decreases and the error signal from electrical-potential-difference error amplifier 
increases. For this reason, the duty ratio of the pulse which the output from a 
current error amplifier increases, therefore a comparator generates becomes 
large. Then, the current in an output inductor increases and output voltage is 
pushed up. Electrical-potential-difference error amplifier is constituted so that 
non-storage gain may be given, and this is combination with average current 
control, and gives limited and controllable output resistance to a regulator. 
Thereby, positioning of output voltage becomes being the same as that of the 
mode to which the series resistance machine RS affects the response of the 
circuit of drawing 1 . However, the response obtained is similar to it of drawing 3 
a also in this case, and deltaVout may still exceed a narrow output voltage 
deflection specification as clearly shown in drawing 32 of bibliography. 



[0016] 

[Problem(s) to be Solved by the Invention] The problem described previously is 
conquered, and the approach and circuit where a voltage regulator can obtain 
the optimal response to a big bidirectional load transient are offered, using the 
minimum output capacitor as much as possible. 
[0017] 

[Means for Solving the Problem] As for this invention, it is desirable to hold down 
the size and cost of an output capacitor to min, and it means using with the 
voltage regulator which must maintain the output voltage within the boundary 
specified to a big bidirectional step change of the load current. A regulator is 
compensated so that the response which becomes flat may be secured after 
generating of the peak deflection which adopts the output capacitor which has 
the combination of the equivalent series resistance (ESR) greatest as much as 
possible and the capacity minimum as much as possible, and is called "the 
minimum response" here with which it compensates that the peak pair peak 
voltage deflection to the bidirectional step change in the load current is below 
permission maximum in attaining these targets. If these conditions are fulfilled, 
the output capacitor of a regulator will turn into the minimum capacitor for which it 
makes it possible to stop output voltage within the boundary specified to the 
bidirectional step change in the load current as much as possible. This invention 
is applicable to both switching and a linearity voltage regulator. 
[0018] Still more nearly another description and advantage of this invention will 
become clear to this contractor by referring to the following detailed explanation 
with an accompanying drawing. 
[0019] 

[Embodiment of the Invention] This invention provides the output of a voltage 
regulator with a means to determine the usable capacitor minimum as much as 
possible, in the application which needs big bidirectional step status change- 
ization for the load current. Thereby, the output voltage of a regulator becomes 
possible [ maintaining within the boundary specified to given step size ]. Here, 



the given step change in the load current is identified as deltalload, and a 
permissible output voltage deflection specification is identified as deltaVout. 
When using here, "the output capacitor minimum as much as possible" shall 
mean the thing of an output capacitor which has the capacity value minimum as 
much as possible and the greatest ESR value minimum as much as possible 
which may be allowed which enables a regulator to fulfill deltaVout specification. 
Since the cost of a capacitor tends to be proportional to the capacity directly in 
inverse proportion to the ESR, and since space is almost always precious on a 
circuit board, this invention makes it possible to minimize the cost and the 
requirements for space for an output capacitor. 

[0020] This invention will use the reality which enables a regulator to fulfill given 
deltaVout specification in which there is the minimum output capacitor as much 
as possible, if the voltage regulator constituted proper is used. When the 
effectiveness of the equivalence serial inductance of an output capacitor is 
disregarded, step change deltalload of the load current makes the output voltage 
of a voltage regulator generate initial change. This is equal to ESR (here, it 
identifies as Re) of a capacitor and the product of deltalload, i.e., Re*delta lload. 
This initial change is produced to a load current step above and down [ both ]. 
When it is beyond the "critical (critical)" value Ccrit with the capacity C of an 
output capacitor (it discusses in detail below), output voltage deflection cannot 
exceed an early Re*delta lload change. When C is under Ccrit, output voltage 
deflection continues increasing, before beginning to restore after that after early 
Re*delta lload changes. 

[0021] The regulator of the conventional technique is usually designed so that 
output voltage may be again driven toward nominal value after transient 
generating of a load. However, if it does in this way, overall output voltage 
deflection deltaVout may reach even the twice of Re*delta lload. If the load 
current goes up in the shape of a step, as for Vout, only Re*delta lload will fall 
from nominal voltage. When the load current has stopped at quantity sufficiently 
long, as for a regulator, Vout is again driven to nominal voltage. Here, if the load 



current falls in the shape of a step again, as for Vout, only Re*delta lload will go 
up in the shape of a spike, and, as a result, full power voltage deviation will be 
set to 2 (Re*delta lload). 

[0022] I hear that the response that whose the fault which is inherent in the 
control approach for the magnitude of deltaVout of the regulator of the 
conventional technique has been recognized, and was found generates the 
optimal load transient response, i.e., the minimum output voltage deflection 
deltaVout, is a response which stops at the voltage deviation boundary by the 
side of Gokami of a downward load current step uniformly, and stops at it 
uniformly on the voltage deviation boundary of the back bottom of a upward load 
current step, and there was. This invention offers the approach of constituting a 
regulator so that the load transient response of a regulator may serve as this 
theoretical optimum value or its near. Moreover, it turned out that it is the 
minimum capacitor which can be used in order that an output capacitor required 
in order to attain this response may fulfill the specification of deltaVout as much 
as possible. 

[0023] The target to obtain the optimal response is attained, and many steps 
must be performed in order to specify the minimum capacitor which makes 
possible given deltaVout specification which should be fulfilled by this as much 
as possible. The maximum equivalent series resistance Re (max) is determined 
to the output capacitor which the voltage regulator which first receives constraint 
of voltage deviation assignment deltaVout specified to bidirectional step change 
deltalload of the load current adopts. According to Ohm's law, Re (max) is given 
by Re(max) =delta Vout/delta lload. When Re of an output capacitor is as larger 
as possible than Re (max), the initial deviation of Vout to step change of the load 
current equal to deltalload surely exceeds deltaVout. 

[0024] The following step is determining the above-mentioned "critical" capacity 
value Ccrit. It be the thing of the amount of the capacity which make the 
inclination of output voltage zero in case it go up to the letter of an inclination with 
the inclination of the max allow the current pour in by the regulator toward the 



parallel connection of a load and output capacitor when it connect at juxtaposition 
between the loads which drive critical capacity by the voltage regulator ( as the 
output capacitor of a regulator ) by physical limit of a regulator ( or descent ) , 
namely , make flat after an early Re*delta lload change . The thing of the 
greatest inclination allowed by physical limit of a regulator is made to call it "the 
inclination for maximum good (maximum available slope)" here. 
[0025] The critical capacity Ccrit is given by the following formula. 
[0026] 

[Equation 11] 

Ccrit=delta lload/mRe (max) (formula 2) 

Here, deltalload is an inclination value relevant to the current which turned the 
maximum anticipation load current step and Re (max) to the maximum- 
permissible output capacitor ESR (it calculated previously), turned m to the 
parallel connection of an output capacitor and an output load, and was poured in, 
and discusses below the approach of determining m and its value. 
[0027] The inclination parameter m is shown in drawing 5 a thru/or drawing 5 c. 
Drawing 5 a shows the load current wave over an above step. Drawing 5 b 
shows the current which the regulator poured in towards an output capacitance 
when a regulator generates the output current in the inclination m for maximum 
good, and the parallel connection of an output load. Drawing 5 c shows the 
current in an output capacitor, and this current is equal to the difference of the 
load current and an inrush current. 

[0028] When the capacity of regulator ** is larger than Ccrit ( drawing 5 d), and 
when smaller than Ccrit ( drawing 5 e), as for drawing 5 d and drawing 5 e, the 
size of the output capacitor of a regulator affects Vout how, and a regulator 
shows pouring in a current with the inclination for maximum good towards the 
parallel connection of a capacitor and a load. In C>Ccrit, it is begun to restore 
Vout immediately after generating of initial deltalloadRe change. However, in 
C<Ccrit, after initial deltalloadRe change continues increasing and, finally, the 
deflection of output voltage is restored after that. 



[0029] The inclination value m over a given regulator is influenced by the 
configuration. Generally, m is decided as follows. 

1) Determine the absolute value of the inclination for maximum good of the 
current which a voltage regulator pours in towards the parallel connection of an 
output load and an output capacitor to the increment in a step of the load current 
equal to deltalload. 

2) Determine the absolute value of the inclination for minimum good of the 
current poured in towards the parallel connection of an output load and an output 
capacitor to step reduction of the load current equal to deltalload. An inrush 
current will have negative inclination as a result of the step-like reduction in the 
load current. As opposed to step-like reduction in [ as opposed to / next / this 
step ] "load current ... Inclination" for maximum good becomes equal to the 
greatest negative inclination. 

3) Judge the which one is small between two absolute values. This is the 
inclination for maximum good of the "worst situation." The smaller one serves as 
a value m between two absolute values, and it is used in the formula for which it 
asked here. 

[0030] The inclination m for maximum good of the worst situation is clearly 
defined in a switching regulator by the input voltage Vin, its output voltage Vout, 
and the inductance L of the output inductor. For example, in a back mold voltage 
regulator (buck?type voltage regulator), m can be decided as follows. When Vout 
is under Vin-Vout, m is given by m=Vout/L. When Vout is larger than Vin-Vout, m 
is given by m=(Vin-Vout)/L. 

[0031] The inclination for worst situation maximum good is not so defined clearly 
by the linearity voltage regulator. This is dependent on many factors which also 
include the value of the load current as compensation of the electrical-potential- 
difference error amplifier, the physical characteristic of the semiconductor device, 
and possibility. 

[0032] Two optimal load transient responses which can be attained by this 
invention are shown in drawing 6 and drawing 7 . Drawing 6 a shows the optimal 



load transient response to the bidirectional step in the load current shown in 
drawing 6 b about the regulator constituted proper, when the capacity C of an 
output capacitor is more than Ccrit. Since C is more than Ccrit, maximum output 
voltage deviation is restricted to Re*delta lload. Drawing 7 a shows the optimal 
load transient response to bidirectional step change deltalload in the load current 
of drawing 7 b, when the capacity of the output capacitor of the regulator 
constituted proper is under Ccrit. After the initial step (= Re*delta lload) produced 
by Re of a capacitor, Vout inclines toward a steady state value gradually, and 
subsequently to, it stops uniformly in a steady state value until the load current 
falls in the shape of a step and returns. It can be shown that peak voltage 
deflection deltaVout in this case is given by the following formula. 
[0033] 

[Equation 12] 

delta Vout=delta lload2 / 2 mC+mCRe 2/2 (formula 2) 
m and deltalload are the same also in a formula 1 here, and C and Re are the 
capacity and ESR of the output capacitor to be used, respectively. The approach 
of guaranteeing it not exceeding the peak voltage deflection given by the formula 
2 still more even if this invention is the case where the capacitor which has the 
capacity of under Ccrit must be used is offered. Therefore, when using here, as 
shown in drawing 6 a, a regulator answers the load current step of size deltalload, 
and "the optimum response (optimum response) of initial output voltage 
deflection" to the regulator which has the output capacitor of a bigger capacity 
than Ccrit is equal to deltalload*Re, and stops uniformly to the following load 
current step. When the capacity of an output capacitor is under Ccrit, an optimum 
response comes to be shown in drawing 7 a, and peaking capacity voltage 
deviation is given by the formula 2, and stops uniformly to the following load 
current step. 

[0034] Once it determines the value of m to a given regulator, the capacitor 
(based on drawing 6 a or drawing 7 a) of the minimum size by which an optimum 
response is obtained can be determined. The capacitor of the minimum size is 



the capacity C and ESR with which are satisfied of the following formulas. It has 

the combination of Re. 

[0035] 

[Equation 13] 

Cmin=[deltalload2 / 2 m+mTC2/2]/deltaVout (formula 3) 
Here, the inclination value which calculated m previously, the maximum 
allowable-voltage deflection to step change of the load current with deltaVout 
equal to deltalload, and TC are property time constants (it discusses below). 
[0036] The minimum size with which are satisfied of a formula 3 exists to the 
class of given capacitor. For example, (Aluminum aluminum) electrolyte capacitor, 
a ceramic condenser, and an OS-CON (aluminum which has organic- 
semiconductor electrolyte) capacitor are contained in the class of capacitor. 
Selection of the class of output capacitor is influenced according to many factors. 
In a switching regulator, one of the important points taking into consideration is a 
switching frequency. There is an inclination which uses aluminum electrolyte 
capacitor in the design (for example, 200kHz) of low frequency, by intermediate 
frequency design (for example, 500kHz), there is an inclination which uses an 
OS7CON capacitor and there is an inclination which uses a ceramic condenser 
by high frequency design (1MHz or more). 

[0037] Once it chooses the class of capacitor, the property time constant TC will 
be determined. This is given by the product of the ESR and its capacity. Since 
ESR of a capacitor will tend to decrease if the capacity increases, TC tends to 
become almost fixed to the capacitor of a given class and a voltage rating. For 
example, a standard low-battery (for example, 10V) aluminum electrolyte 
capacitor has a property time constant for about 40 microseconds (for example, 
2mFx20mohm), a ceramic condenser has a property time constant for about 
100ns (for example, 10microFx10mohm), and an OS-CON capacitor has a 
property time constant for about 4 microseconds (for example, 
1 00microFx40mohm). 

[0038] According to a formula 3, the minimum capacity is decided using TC 



determined to the class of selected capacitor. Min ESR Re (max) is given by the 

following formula. 

[0039] 

[Equation 14] It is small ESR somewhat from this preferably [ it is equal to the 
desirable larger capacity C and Re (max) equal to Re(max) =TC/CminCmin or 
than this, or ]. The capacitor which has RC is used as an output capacitor of a 
regulator. In beyond the Ccrit value which C calculated previously, the response 
by drawing 6 a is obtained. When C is under Ccrit, a response like drawing 7 a is 
attained. Using the output capacitor which has ESR equal to capacity and Re 
(max) equal to Cmin does not recommend, although it is permissible. If it carries 
out like this, it will become a practically childish design and the safety margin to 
tolerance, secular change, temperature, etc. will not be obtained. Choosing the 
capacitor which, on the other hand, has ESR quite smaller than Re (max) does 
not recommend, either. It is because a capacitor tends to serve as cost quantity 
so that ESR is small. Once it decides the ESR value of an output capacitor, it will 
comment on the capacity C being mostly determined by selection of the class of 
capacitor. Therefore, although C may become quite larger than Ccrit, within the 
limits of the selected capacitor class, the size of a capacitor is still in the 
minimum state. 

[0040] After choosing an output capacitor, it is necessary to constitute a voltage 
regulator so that the response may have the optimal configuration shown in 
drawing 5 a (when it is C>Ccrit) or drawing 6 a (when it is C<Ccrit). In order to 
attain an optimum response in C>Ccrit, a voltage regulator is constituted so that 
the output impedance (the impedance of an output capacitor is included) of a 
voltage regulator may serve as resistance and may become equal to ESR of an 
output capacitor. In C<Ccrit, an optimum response is the inclination for maximum 
good at association of a load and an output capacitor, and it is guaranteed only 
by making a current pour into a regulator until it reaches peak deflection. In this 
case, since a regulator operates in the nonlinear mode to the part of this 
response, it is unchanging to selection of an output impedance being possible so 



that the optimal output impedance cannot be defined or the almost optimal 
response may be obtained. 

[0041] One operation gestalt of the voltage regulator by this invention is shown in 
drawing 8 . The good control power stage 50 answers the control signal received 
in a characterization eclipse and a control input 53 by Transconductance g, and 
generates an output Vout to the output node 52. The power stage 50 drives a 
load 54. It connects with juxtaposition between loads, and the output capacitor 56 
is divided and shown in the capacitive component C and an equivalent-series- 
resistance Re component here. The feedback circuit 58 is connected between 
the output node 52 and the control input 53. 

[0042] The electrical-potential-difference error amplifier 59 can be included, and 
the signal with which output voltage Vout is expressed in the 1st input 60 is 
connected so that reference voltage may be received in the 2nd input, and a 
feedback circuit 58 generates the output 62 changed with the difference electrical 
potential difference during the input. With the operation gestalt shown in drawing 
8 , when the optimal load transient response 56, i.e., a capacitor, is more than 
Ccrit and the optimal load transient response by drawing 6 a and a capacitor 56 
are under Ccrit(s), the optimal load transient response by drawing 7 a is attained 
by compensating the electrical-potential-difference error amplifier 59 so that gain 
K (s) may be given by the following formula. 
[0043] 

[Equation 15] 

K(s) =- (1/gR0) (1/(1+sReC)) (formula 4) 

Here, g is the transconductance of the good control power stage 50, C and Re 
are the capacity and ESR of the output capacitor 56, respectively, and it is the 
amount to which s is given to with complex frequency and R0 is given by the 
following formula. 
[0044] 

[Equation 16] 

In C>=Ccrit, it is R0=Re. (formula 5) 



[0045] 

[Equation 17] 

In C<Ccrit, it is R0=(deltalload/2mC)+ (mCRe2/2deltalload). 
(Formula 6) 

Here, C and Re are the capacity and ESR of the output capacitor 56, respectively, 
m is the absolute value (it is as having discussed about the decision of Ccrit) of 
the liminal gradient of the current poured in towards the parallel connection of the 
output capacitor 56 and a load 54, and deltalload is the maximum load current 
step designed so that a regulator might cope with it. 

[0046] The value of R0 defined in the formula 5 and the formula 6 serves as a 
scale of the peak voltage deflection of a regulator. When C is more than Ccrit, it 
came to have defined gain [ of the electrical-potential-difference error amplifier 
59 ] K (s) as a formula 4, and the joint output impedance of a regulator and the 
output capacitor 56 becomes equal to the equivalent series resistance Re of an 
output capacitor. Therefore, peak voltage deflection serves as deltalload*R0, and, 
in C>=Ccrit, this is equal to deltalload*Re. 

[0047] C was under Ccrit, and when it is as gain [ of the electrical-potential- 
difference error amplifier 59 ] K (s) having defined it as the formula 4, it came to 
have defined peak voltage deflection deltaVout as a formula 2. When C is under 
Ccrit, a system cannot become nonlinear, therefore a regulator cannot attain the 
optimum transient response shown in drawing 6 a. However, if the transfer 
function which compensates the electrical-potential-difference error amplifier 59, 
and is given by the formula 4 is formed, the transient response in practice 
possible nearest to the ideal response of drawing 6 a will be obtained. 
[0048] The good control power stage 50 is limited to neither of the specific 
configurations. The power stage 50 is constituted so that power modal control 
may be performed, and a power stage has transformer resistance equal to RS, 
and includes reception and the power circuit 68 which answers and generates 
output voltage Vout in drawing 8 for the output 67 from the current controller 
which generates reception and an output 67 for the output of the current sensor 



which generates the output signal changed with the output current of a power 
stage, and a current sensor, and the output 62 of electrical-potential-difference 
error amplifier as an input, and a current controller. This invention is applicable to 
both a linearity regulator and a switching regulator. In a linearity regulator, a 
power circuit 68 is a serial pass transistor, and the current controller 66 is 
amplifier. In a switching regulator, either of much topology containing a control 
mold switch, diode, an inductor, a transformer, and a component part like a 
capacitor can have a power circuit 68. For example, the typical power circuit of a 
back mold switching regulator is shown in drawing 1 . This contains the output 
inductor L connected among one pair of joints of the control switches 14 and 16- 
ed and a switch, and the output of a regulator. 

[0049] For the current controller 66 of a switching regulator, two formats are 
possible. That is, they are an instant mold and an average mold. Instantaneous- 
carrying-current control For example, A.S.Kislovski (A. S. kiss lob clearance), R. 
Redl (R. REDORU) and N.O.Sokal (N. O. SOKARU), Dynamic analysis of 
switching?mode DC/DC converters (dynamic analysis of a switching mode 
DC/DC converter), Van Nostrand As indicated by Reinhold (1991) and 102 pages 
It has at least six kinds of different low order formats. Fixed off time amount peak 
current control, Fixed ON time amount ballet current control, hysteria tick control 
(hysteretic control), constant frequency peak current control, constant frequency 
ballet current control, and PWM conductance control are included. Although an 
instantaneous-carrying-current controller can change the current in an output 
inductor within a 1 switching period, it usually requires for several terms to 
change an inductor current by average current control. Although the 
instantaneous-carrying-current control is more desirable because of this reason, 
an average current controller has the response with a current control loop quick 
enough, and it is usable in order to realize this invention. However, this 
embodiment has the fault of needing current error amplifier, and causes the 
complexity of a regulator circuit, and the rise of cost. 

[0050] Drawing 9 is the schematic diagram of 1 possible operation gestalt of the 



switching voltage regulator by this invention. As for the electrical-potential- 
difference error amplifier 59, the feedback circuit 58 is constituted from this 
operation gestalt by the operational amplifier 70, the input resistor R1, the 
feedback resistor R2, and the feedback capacitor C1 including the electrical- 
potential-difference error amplifier 59. The joint during these switches is 
connected to the output inductor L including one pair of switches 72 and 74 to 
which the power circuit 68 was connected between Vin and touch-down. The 
resistor 75 which has Resistance RS realizes and the current sensor 64 is 
connected to the serial between Inductor L and the output node 52. 
[0051] The current controller 66 is a fixed off time amount peak current control 
mold controller, and contains the electrical-potential-difference comparator 76. 
The input of the electrical-potential-difference comparator 76 is connected to the 
output of the inductor side of a resistor 75, and an adder circuit 78. An adder 
circuit 78 generates an electrical potential difference equal to the output Z to the 
sum of the electrical potential difference of the X and Y input. X is connected so 
that the output 62 of the electrical-potential-difference error amplifier 59 may be 
undergone, and Y is connected to the output side of the current detection resistor 
75. Moreover, an adder circuit 78 has the fixed gain k, and has the gain stage 80 
connected between the output of the electrical-potential-difference error amplifier 
59, and its X input. Gain k must be more sharply [ than a unit, 0.01 / for example, 
/, ] small, when it is expected that output voltage Vout and the criteria resistance 
Vref are almost equal. The output of a comparator 76 is connected to the 
monostable multivibrator 82, and the output is supplied to the drive circuit 83 
through the logic inverter 84. The drive circuit 83 drives the switches 72 and 74 of 
a power circuit 68 including the high order driver 86 and the low order driver 88, 
respectively. 

[0052] The actuation of the switching regulator circuit of drawing 9 is as follows. 
When the product of the current in Inductor L and the resistance RS of a resistor 
75 exceeds the error voltage which the electrical-potential-difference error 
amplifier 59 generates, the output of the electrical-potential-difference 



comparator 76 serves as quantity, and carries out the trigger of the monostable 
multivibrator. The logic inverter 84 reverses the high power of a multivibrator 82, 
makes the high order switch 72 changed to the high order driver 86 off, and 
makes ON change the low order switch 74 to the low order driver 88. 
Consequently, the current of Inductor L begins to decrease. After it has related 
timing interval Toff and timing interval Toff passes, a monostable multivibrator 82 
reverses the condition of switches 72 and 74, and the current in Inductor L 
begins to increase it. An inductor current's excess of SURESHIHORUDO of a 
comparator 76 repeats a cycle. In order to perform output voltage adjustment, 
SURESHIHORUDO of the electrical-potential-difference comparator 82 is 
changed by the adder circuit 78 using the error voltage from the error amplifier 59. 
[0053] If constituted according to this invention, the switching voltage regulator of 
drawing 9 will obtain the almost optimal load transient response shown in the 
simulation plot of the load current lload and output voltage Vout as shown in 
drawing 10 a and drawing 10 b, respectively. In this example, the load current 
changes from 0.56A to 14.56A, and return (deltalload=14A) and permission 
output voltage deflection deltaVout is 0.07V. The parameter value of a switching 
regulator is as follows. 

[0054] Vin=5V, Vref=2.8V, L= 3 microhenries, C=10mF, Re=5mohm, RS=5mohm, 
k= 0.01, deltalload=14A, deltaVout=0.07V. 

[0055] Re of an output capacitor is admission within the limits defined by 
Re(max) =delta Vout/delta lload, and comments on it being equal to 
0.07V/14A=5mohm here. 

[0056] In this example, since Vout (=Vref) is larger than Vin=Vout, m is given by 

the following formulas. 

[0057] 

[Equation 18] m=(Vin-Vout)/L=[(5-2.8) V] / 3 microhenry=0.733 A/mu s 
expression 1 to the critical capacity Ccrit is [0058] given by the following formula. 
[Equation 19] Since Ccrit=14A/[(0.733A/mus) (5mohm)]=3.818mF10mF is larger 
than 3.814mF(s), as for C, R0 (given by the formula 5) becomes equal to Re 



more greatly than Ccrit therefore. In order to attain this, the electrical-potential- 
difference error amplifier 59 is compensated if needed, and the transfer function 
of a formula 4 is obtained. This compensation will be performed, if the following 
two formulas are satisfied when realizing the electrical-potential-difference error 
amplifier 59, as shown in drawing 9 . 
[0059] 

[Equation 20] 

K*(R2/R1) =1/(g*R0) (formula 7) 
[0060] 

[Equation 21] 
Re*C=R2*C1 (formula 8) 

The value of g is determined by the transformer resistance of a current sensor 64, 
and the embodiment of the current controller 66. When the 1st step of a current 
controller is an electrical-potential-difference comparator (it is this case like), g is 
equal to the reverse of the transformer resistance of a current sensor 64. When 
realizing a current sensor by resistance, transformer resistance only serves as 
resistance of a resistor (therefore this example g= 1-/RS). When the following 
component values are used, it is satisfied with this example of a formula 7 and a 
formula 8. 
[0061] 

As the wave of R1 = 1kohm and R2=100kohm and 1= 500pF [ of C ] drawing 10 b 
shows, an output voltage response corresponds to the resistance output 
impedance of 5mohm, and is equal also to ESR of an output capacitor. 
[0062] The 1 alternative embodiment of a feedback circuit 58 is shown in drawing 
1 1 . Here, the electrical-potential-difference error amplifier 59 is realized using 
the transconductance amplifier 90. Transconductance amplifier is characterized 
by the output current being proportional to the electrical-potential-difference 
difference between a noninverting input and a reversal input. The proportionality 
coefficient between the output current and an input difference electrical potential 
difference serves as the transconductance gm of amplifier. The voltage gain of 



transconductance mold electrical-potential-difference error amplifier is equal to 
the product of the impedance connected to the output of the transconductance 
amplifier 90, and Transconductance gm. 

[0063] The embodiment of the electrical-potential-difference error amplifier 
shown in drawing 9 and drawing 1 1 serves as equivalence, when satisfying the 
following three formulas. 
[0064] 

[Equation 22] 

gm[(R3R4)/(R3+R4)] =R2/R1 Formula 9 [0065] 
[Equation 23] 

VCC[(R4)/(R3+R4)] =Vref Formula 10 [0066] 
[Equation 24] 

C2 [[ (R3R4) ] / [ /] (R3+R4) ] =C one R2 Satisfaction of each of a formula 1 1 
therefore a formula 9, a formula 10, and a formula 1 1 obtains the transfer 
function defined as the formula 4 about the electrical-potential-difference error 
amplifier 59 shown in drawing 1 1 . 

[0067] This invention is not necessarily limited to using with the current modal- 
control mold voltage regulator containing electrical-potential-difference error 
amplifier. One possible operation gestalt of this invention which does not use 
current modal-control or electrical-potential-difference error amplifier, either is 
shown in drawing 12 . With this operation gestalt, the good control power stage 
100 generates output voltage Vout according to the electrical-potential-difference 
difference between one pair of inputs 102, and 104. A power stage includes the 
power circuit 68 controlled by the high-speed electrical-potential-difference 
controller 105 which receives an input. In a switching voltage regulator, the high- 
speed electrical-potential-difference controller 105 has the description of 
enlarging quickly the duty ratio of the pulse train in the output, when the forward 
electrical-potential-difference difference which may be perceived appears 
between an input 102 and 104. In a linearity voltage regulator, the high-speed 
electrical-potential-difference controller 105 is usually realized using a broadband 



operational amplifier. 

[0068] Moreover, the operation gestalt of drawing 12 generates the output 
changed with the output current of a regulator also including the current sensor 
106 which has the transformer resistance RS connected to the serial between 
the output of the power stage 100, and the output node 52. The output of a 
current sensor is connected to one input of an adder circuit 108, and the 2nd 
input of an adder circuit is connected to the output node 52. An adder circuit 
generates output voltage equal to the sum of the input, and connects it to the 
input 102 of the power stage 100. 

[0069] The input 104 of the power stage 100 is connected to the node 110 
located in the join between one pair of impedances Z1 , and Z2. Impedances Z1 
and Z2 are connected to the serial between the output node 52 and the 
electrical-potential-difference criteria 112. As shown in drawing 12 , when it 
constitutes a regulator, an optimum transient response is obtained by adjusting 
the ratios Z2/Z1 of two impedances according to the following formula. 
[0070] 

[Equation 25] 

Z2 /Z1=[(R0(1+sReC)-RS] /RS (formula 12)) 

Here, R0 is defined by the formula 5 and the formula 6, RS is resistance of a 
current sensor 106 and Re and C are ESR and capacity of the output capacitor 
56 to adopt. 

[0071] One embodiment of the operation gestalt of the voltage regulator of 
drawing 12 is shown in drawing 13 . The high-speed electrical-potential- 
difference controller 105 is realized by the hysterics tele tick comparator 
(hysteretic comparator) 130, and the output is connected to the drive circuit 132. 
The drive circuit 132 contains the high order driver 134 and the low order driver 
136. A power circuit 68 is driven by drivers 134 and 136 including the high order 
switch 138 and the low order switch 140, respectively. The output inductor L is 
connected to the joint during a switch. The hysterics tele tick comparator 130 
turns OFF a high order switch, when output voltage is supervised and output 



voltage exceeds top SURESHIHORUDO of a comparator. A high order switch is 
again turned on, when output voltage falls under to bottom SURESHIHORUDO 
of a comparator. 

[0072] The current sensor 106 and the adder circuit 108 are realized by the 
series resistance machine 142 which has Resistor RS. An impedance Z1 is 
realized by the parallel connection of a capacitor C4 and a resistor R6, and the 
impedance Z2 is realized by resistance R7. 

[0073] In order for the output impedance of the switching regulator of drawing 13 
to become equal to resistance R0, the resistance ratio of resistors R6 and R7 
must be given by the following formula. 
[0074] 

[Equation 26] R7 / R6= (R0-RS) / RS and also the capacity of a capacitor C4, 
and the product of resistance of a resistor R6 must be given by the following 
formula. 
[0075] 

[Equation 27] C4R6=C[(R0Re)/R3] 

Although it will accept to this contractor in the engineering of a voltage regulator 
easily, the embodiment and operation gestalt of a voltage regulator which were 
discussed previously are only only instantiation. As long as it carries out so that 
the approach of this invention may be indicated here even if it uses much of other 
circuitry, the optimal transient response and the target of this invention called the 
output capacitor minimum as much as possible can be attained. 
[0076] The approach of this invention indicated here can be shown as a general 
design procedure, can be applied to the design of both linearity and a switching 
voltage regulator, and corresponds also to use of both output capacitor that has 
the output capacitor and the capacity below this which have the capacity 
exceeding the critical capacity defined previously. This design procedure can be 
carried out according to the following steps. 

[0077] 1. Choose the class of classes (aluminum electrolyte, a ceramic, OS-CON 
capacitor, etc.) of capacitor used as an output capacitor of a voltage regulator 



required in order to maintain regulation output voltage within voltage deviation 
specification deltaVout specified to step change deltalload in the load current. 
[0078] 2. Determine the property time constant TC to the class of selected 
capacitor. This is defined as a product of the ESR and its capacity, as explained 
previously. 

[0079] 3. Determine the absolute value of the inclination for minimum good of the 
current poured in towards the parallel connection of an output load and an output 
capacitor to step-like increase of the load current equal to deltalload to step-like 
reduction of the load current equal to the absolute value and deltalload of the 
inclination for maximum good of the current which a voltage regulator pours in 
towards the parallel connection of an output load and an output capacitor. This is 
performed as the formula 1 was explained. 

[0080] The smaller one is determined among 4.2 absolute values. The absolute 
value of the smaller one is identified as m. 

[0081] 5. Determine the 1st capacity CO according to the following formulas. 
[0082] 

[Equation 28] 

Resistance Re 0 is determined according to the formula below C0=[deltalload2 / 

2 m+mTC2/2]/deltaVout6. 

[0083] 

[Equation 29] The critical capacity value Ccrit is determined according to the 

formula below ReO=TC/C07. 

[0084] 

[Equation 30] In Ccrit=delta Noad/mRe08.C0<Ccrit, the output capacitor which 
has the equivalent series resistance Re 1 almost equal to the capacity C1 and 
ReO almost equal to CO is used. 

[0085] In CO >=Ccrit, the output capacitor which has the equivalent series 
resistance Re 2 almost equal to delta Vout/delta lload and the capacity C2 
almost equal to TC/ReO is used. 

[0086] 9. Determine resistance R0 according to the following formulas. In 



CO<Ccrit, it is [0087]. 

[Equation 31] In R0=deltalload/2mC1+[mC1 (Re1)] / 2deltalloadC0 >=Ccrit, it is 
[0088]. 

[Equation 32] A voltage regulator is adjusted so that the output impedance of a 
voltage regulator defined before connection with the output capacitor of which 
R0=Re210. use is done may become almost equal to the series connection of 
resistance R0 and an inductance L0. L0 is given by the following formula. 
[0089] In C0<Ccrit, it is [0090]. 

[Equation 33] In L0=C1*Re1*R0C0 >=Ccrit, it is [0091]. 
[Equation 34] L0=C2*Re2*R0 -- this step is performed by making the transfer 
function of the feedback circuit of a regulator correspond to a formula 4 according 
to the above-mentioned approach. 

[0092] It comments on a time constant TC (or the configuration coefficient C and 
Re) not being the amount correctly defined to each capacitor kind. All of the 
factor of a large number containing a manufacture allowable error, case size, 
temperature, and a voltage rating can affect TC. Therefore, in an actual design, it 
may be required to regard the parameter TC used for count as approximate 
value, and to repeat a design procedure a certain number of times. 
[0093] Moreover, especially the approach of this invention can be shown as a 
procedure for the design of the back mold switching voltage regulator which 
adopts current modal control. This guarantees maintaining the output voltage 
Vout within voltage deviation specification deltaVout specified to step change 
deltalload of the load current, holding down the size of the output capacitor of a 
regulator to min. This kind of regulator has one pair of switches connected to the 
serial between input voltage Vin and touch-down, and the joint during a switch is 
connected to the output inductor. A switch is driven so that an inductor may be 
connected to Vin and touch-down by turns. Only in C>Ccrit, the following design 
procedures can be applied and it comments on the optimal load transient 
response shown in drawing 6 a in that case being obtained. Moreover, by 
following the above-mentioned design procedure, it is possible to use the output 



capacitor which has the capacity of under Ccrit, and the back mold regulator 
which adopts current modal control can also attain the optimum response shown 
in drawing 7 a by this. A design procedure applicable in OCcrit can be carried 
out by the following steps. 

[0094] 1. Calculate the maximum equivalent series resistance Re (max) to the 

output capacitor of a regulator according to the following formulas. 

[0095] 

[Equation 35] According to the formula below Re(max) =delta Vout/delta Noad2., 
the minimum inductance Lmin to the output inductor of a regulator is determined. 
[0096] 

[Equation 36] 

Lmin=(VoutToffRe (max))/Vripple and p-p ~ here, the off time amount of the 
switch whose Toff connects an output inductor to Vin, Vripple, and p-p are 
maximum-permissible peak pair peaking capacity ripple voltages. 
[0097] 3. Use the output inductor which has the inductance L1 more than Lmin. 

4. Determine the minimum capacity Cmin of an output capacitor according to the 
following formulas. 

[0098] 

[Equation 37] Vout - < (Vin-Vout) - a case - Cmin=deltalload/[Re (max) 

(Vout/L1)] 

[0099] 

[Equation 38] In Vout>Vin-Vout, it is Cmin=deltalload/[Re(max) ((Vin-Vout) / L1)]. 

5. Use the equivalent series resistance Re almost equal to the output capacitor 
which has the capacity C almost equal to Cmin, and Re (max). 

[0100] 6. Constitute the output impedance of a regulator so that it may become 
almost equal to Re. This step is performed according to the above-mentioned 
approach by making the transfer function of the feedback circuit of a regulator 
matched with a formula 4. 

[0101] The specific operation gestalt of this invention is shown above, and 
although explained, deformation of a large number and an alternative 



implementation gestalt will also be recollected by this contractor. For example, 
there are some which permuted the 2nd switch by one of the alternative 
implementation gestalten in which the back mold switching regulator was 
common with rectifier diode. Therefore, it shall mean that this invention is 
restricted only about the attached claim. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the schematic diagram of the switching voltage regulator circuitry 
of the conventional technique. 

[Drawing 2] They are the output voltage of the voltage regulator circuitry of the 
conventional technique which consists of drawing 2 a and drawing 2 b, and does 
not contain the resistor connected between the output terminal and the output 
capacitor, respectively, and the plot of the load current. 
[Drawing 3] They are the output voltage of the regulator circuit of the 
conventional technique which consists of drawing 3 a and drawing 3 b, and 
contains the resistor connected between the output terminal and the output 
capacitor, respectively, and the plot of the load current. 



[Drawing 4] They are the output voltage of the voltage regulator circuitry of the 
conventional technique in the case of consisting of drawing 4 a and drawing 4 b, 
and the load current falling in the shape of a step, respectively, before output 
voltage answers an above load current step and stabilizes, and the plot of the 
load current. 

[Drawing 5] It consists of drawing 5 a thru/or drawing 5 e, and drawing 5 a is the 
plot of the step change in the load current. Drawing 5 b It is the plot of the output 
current which answers step status change-ization in the load current shown in 
drawing 5 a, and is poured in by the voltage regulator towards the parallel 
connection of an output capacitor and an output load. Drawing 5 c is the plot of 
the output capacitor current of the voltage regulator which answered step status 
change-ization in the load current shown in drawing 5 a. Drawing 5 d It is the plot 
of the output voltage of a voltage regulator when the capacity of an output 
capacitor is larger than the critical capacity Ccrit, and drawing 5 R>5e is the plot 
of the output voltage of a voltage regulator in case the capacity of an output 
capacitor is under the critical capacity Ccrit. 

[Drawing 6] They are the output voltage of the voltage regulator by this invention 
which consisted of drawing 6 a and drawing 6 b, and adopted the output 
capacitance which is more than the critical capacity Ccrit, respectively, and the 
plot of the load current. 

[Drawing 7] It consists of drawing 7 a and drawing 7 b, and they are the output 
voltage of the voltage regulator by this invention which adopted the output 
capacitance of under the critical capacity Ccrit, and the plot of the load current, 
respectively. 

[Drawing 8] They are a block/schematic diagram of 1 operation gestalt of the 
voltage regulator by this invention. 

[Drawing 9] It is the schematic diagram of one embodiment possible in the 
operation gestalt of a voltage regulator shown in drawing 8 . 
[Drawing 10] It consists of drawing 10 a and drawing 10 b, and is the simulation 
plot of the output voltage to the voltage regulator by drawing 9 , and the load 



current, respectively. 

[Drawing 1 1] It is the schematic diagram of the alternative embodiment of the 
electrical-potential-difference error amplifier shown in drawing 9 . 
[Drawing 12] They are a block/schematic diagram of another operation gestalt of 
the voltage regulator by this invention. 

[Drawing 13] It is the schematic diagram of one embodiment possible in the 

operation gestalt of a voltage regulator shown in drawing 12 . 

[Description of Notations] 

10 Switching Voltage Regulator 

12 Push and Pull Switch 

14 16 Power metal-oxide semiconductor field effect transistor 
18 Driver Circuit 

20 Duty Ratio Modulation Circuit 
24 Clock Circuit 

26 Error Signal Generating Circuit 

28 High Interest Profit Operational Amplifier 

30 Output Capacitor 

32 Load 

50 Good Control Power Stage 

52 Output Node 

53 Control Input 

54 Load 

56 Output Capacitor 

58 Feedback Circuit 

59 Electrical-Potential-Difference Error Amplifier 
64 Current Sensor 

66 Current Controller 
68 Power Circuit 
70 Operational Amplifier 
72 74 Switch 



75 Resistor 

76 Electrical-Potential-Difference Comparator 
78 Adder Circuit 

80 Power Stage 

82 Monostable Multivibrator 

83 Drive Circuit 

84 Logic Inverter 

86 High Order Driver 

88 Low Order Driver 

90 Transconductance Amplifier 

100 Good Control Power Stage 

105 High-speed Electrical-Potential-Difference Controller 

106 Current Sensor 
108 Adder Circuit 
132 Drive Circuit 

134 High Order Driver 
1 36 Low Order Driver 
138 High Order Switch 
140 Low Order Switch 
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vnmmmxmz{mzti&« vmuimiz. mmm 

[0013] ^0f£«gJtE^(±, HI O0^^fL 

f-y7it \mmznnhn&^m.uzmt^. 

& . i-fr t> . mm^tm <%~oxh, 
-xvmuumb ix®3 aiz^-th<7)bmiPiix$5 

[00 14] J§ijm>f ■ L. 

Spaz i an i (L. XA°-yf-T--) f) "Fue 1 
ing the Megaprocessor ? a 
DC/DC Converter Design R 
eview Featuring the UC388 
6 and UC39 10" (*#Tn-fe>y^i|&fB? 
UC388 6^il/UC3 9 1 0 ^iftSfcf h D C/D 
C^^ISIt^^M) .Unitrode A PP li 
cation Note U?157,3?5415:V^ 
L3 ? 5 7 O^-v^fEfiSifiT^S. ^^KaW 

a $ b wmm&&mL i . - ^m^mnzm 

J^ftJittlfi (CSE: current sense 
amp 1 i f i e r ) mMLXA 

■th, csEo^it mjm^mmmm^bMz. 
m%mmMmmz$^tiz>» msimmmmz. 
^~?<7)RKW£itmm&bimth« immi. 
-^x^z^xmmmm^^)^ , m<nx-n 
\,z^xm&9v-y?{Wj?tmmh. iwimt. >w 

■ Til- 

[0015] mmzti^x, ifisw^ci o , m 
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[0 0 16] 

l , iqig&a^' o m-vntij] ? yfy^rmm Loot 

s. 

[0 0 17] 

M^LT^££M:«Wrtfc*l#L&imif^ 
0 ( E S R ) fc «Jf|^K 0 ftffl^g 

ma. m y^yyhimmn&v^ ^v~9Ji^z 
[oois] *%w<vmzM<?ym&£xmmi. m 

[0 0 19] 

lis HWItfe(ti»Hff^xx^rMk^A i load fc 
LTHS'jt. mmm^mij^sm&mi: Av out t 



v'ftswtsg^oE s m^rtsiftfja yfy^-co 

SW. * UTSiaiiJ&iffllttlllB^- H±T(i#fiT 

[0020] *mm. mjuzm^titzmmu^^iy 

r>-9-<7)^tt[e^^ 9 y^mmitm%th t . 
^m^mmzmmit^^^^, 

HfOESR (^T1iR e fc LTl»f £) &J:tf A I 
icad^ E0*>- R e *Al load l;iLt^ 

(critical) j fflC crit (&TTi¥L<i8rf 
I) ) tUbt'fcl.*^. ffi*€ffii^(«l«R e * A I 
i oad 3Efl:*®frf Si fc^S^v^. c#c crit *Src 
EB*«£HHHi, WJOR e *Al :oad ^ 

[0021] flBfflff«i/ifai/-^ii a®, 

tC-fl, k . ^#:a^ffi7J«JHIIlAV 0Ut ^\ R e * A I 

i oad <o2«taT»tsTfriBtt3&*fts. is»f 

>!/7°«t_h#^St . V 0Ut i±^«J±*^R e * A I 

z\z\x\ mn%immxT ■/ r«tffiTt-i> t . 
v 0 u t (i r 6 * a i i 0 a d w-txj u 9 mzm l, -t^oin 

*^ffi*«ffiffiH(42 (R e *AI load ) fc^|> 0 
[00 22 ] ^*Sffi^l^^^k-^(7)AV 0Ut t?)^# 

(Oii. IIISMM?!*), ft/J^oK^mJBIMA 
^<7)M Wftje^*^ ^Hi^Wftilfli fdi^&m k 

•^hio^zv^^v-^^mm-h^mamth. t 

§ . ^Ttg^ll 0 ft/J^^ ^ yfyftfe S i i: ***>*"5 

[0023] mm%mm%&k^om*m$Li. r 



(7) 000-299978 (P2000- D7 8 



8( .„)li, R e(mai ) =AV 0Ut /A i load T J fi.^ix 
Mt-|>v 0Ut «M^(±. *frf AV 0Ut £©gftS. 

[0024] ;^f7Tit maio ^'jf^/h 

^iffi c c r i t £$5rr £ £ £ „ ^'Jf^ #/i^4 

C crit =A I load /mR e(iai) 
Z\Z\X\ AI loaJ tti^flMtSXf77, R 

B( .„) iii^^^^yfytESR (5fc£ff*L 

mfe j: v*em*wm-&irm£.n ->x imrxm-r 

[0 0 2 7] ftfP^.X-?m£05a&^L05 cfc 

i mtsmmi: i tz t s coaj#i*B * # mat** 

•f. i5cil m^yry^^ttSttit^U -l 

cowzmmti t sea«s t oici u \ 

[0 0 2 8] 05 di3j;^H5 e(i, I/^fal'-^W 

g*#c crit iOi^sv^s (05 d) &j:txc crit 

iOMvS^fcS (05 e) (y y^y-^oft^n 
y^ y-^ttu yfnfi ±tft#«M?iJ*££fc:i»jft 

imWl7cL4&tf>S. U>L&#£>. C<C Erit tf>» 
ft^JBOlIUtt, ftfi|Ai load R e «^{>±MJg 

[0 0 29] FJr^oy^y-^Mt-^iMmti. 

t trusts. 

1 ) A I load t^LutMlOXx-yT±MjDtML 

mi±y * y- ? ^sea-t s «Sf)^c^rffl^ffi^*ew 

2 ) A 1 10 a d L t ^ftSmf -7 TS&Wdtt L 
^SS-^TtS^fct^S. <! O^f -y TlzM LX „ <& 



fc §=ty affiis i^aj^nyry^M^-^t^o 
Ty^y-^;i^T&A$ni,€^\ y^f^y- 

±# (ifciim) -rant, ^^ts^ffij^'nc 
-fi>. w^y «ioR e * a i load ^tf^™;§-tt 
hm-m<»m.<nz. t xh h . y^ y-^%Mj«; 

ffl^sJliI (maximum available slo 
pe) j fcPfJSifcftft. 
[00 2 5] ^'Jf^ ^/i/gMc cr lt (iifc^T-^-*. £ 

[ 0 0 2 6 ] 
[ftl 1] 

(5$ 2) 

iy rt^*a(;:- (+ ^ x ^.,r;KM'J/t;:Mi-6. . . 
ftA^IffliOldj fiftA^£^iS^L<&«> 0 

3 ) 2ofO$Mfi^rtt^^«7t^>J^^o^to^T 

£. 2ot0$Mfi^^bSvWfImt^D. ^T'tc 

[0030] .y^y^'- y#'^y-^Tli, ftS* 
«Jo&A«rffl£jEmfi, Bj/^^Hy ^-oA^«J±v in , 
^SJ*«£EV 0Ut , &J:tx^tftfMyr???My 

EEKal/-^ (buck?type voltage 
regulator) X\i, m(±, liTR^J: 3 t^ft 

4 i k tPC* V 0 u t *»V in - V 0 ut *StTfc S*^-, 
miim = V out /LT'4i.^^l» 0 V 0Ut ^'V in - V out 
iD^A^V^, m{im= (V in -V out ) /LW 

[00 3 1 ] IMMffy^f'^y-^TIi. ftSMftA 
^Iffl^ffitt, BUM (;(i€«$ tm\ z\Mi. ^ 

w,zmtth . 

[0032] *HBBt J;oT}l^t^2oOg}15rt 
MSJtES^06^I:W'07t^ o i6ail m^J3 

yfy^Sic c c r it VXkn^&iz. iliE(;«§ 
^y^'^y-^t^^T. ibbtstiiiitij 

e *AI load £EIEg$;flS. i7ail 51IE(;«§^1 

jty^^y-^^m*3y^>^§M^c crit Aijto 
j^t. 07 bmm^z&f&Mxm^'vTmt 
Ai loai t,ztttimmmmimm^t» ^v^rw 

^ReCi-J^fSaiXf-yT ( = R e * A I load ) 
com. V out (i#^(;^flitW^tIiL, & 
^X\ nffltfifflZT ■yrmzi&TLX7t^zUltX\ 
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AV 0Ut = A I load ! /2mC + mC 
C\Z\X\ mfeMAI load (t ieittittSfcl^-T* 

0, c*utXR e (i, ztifti. ffl^i^ayfyt 

^i^i^ESRtl)^. C crit *jf<7)<g 
(opt i m u m response) j ii s 06at 

i o a ionwmx t v rizim i . ^m^wmn 

A 1 1 o ad * Re &m L < , a«fJiSXf -y 7° £ T— 

C min = [ A I load 2 / 2 m + mT c ; 
miJ^ffJtU^gdffi. AV out (iAI load 

[0 0 3 6] FJt4^3yr>^ffiS^LT. S3£ 

li, Mi.(£\ ( A l ) lifayfyt, 

^757? ■ 3yf>l isitfOS-CON 

A l ) nyfn^i^i^. SJ* 

(Mi. if , 2 0 0kHz) Tli, A i minc^? yf>t 
^WI-IW^^ 4T H 1JWl«Slt (fflxfej:, 5 0 

0 k h z ) -mo s ? c on a y fyr^mm-fhWM 
■&■&> o . mnmmm ( i mh zpj±) xu^y^ v ? 

[0 0 37] -B nyr'y-tf^S^^SfKL^^. * 

RWy -£ c^gft^ifcfcrfS t ^^6fH|pj#J>6tf)t\ 
T c (±, FJr^SSIfc i V'€J±SfSon yfytWL 

£E (flliff. 1 0V) AliBfayfyffl »4 0 

(Wilf, 2mFx2 0mQ) 0^ttB§S^# 
U ■ nyfmSl 00 ns (Wi.tr, 

1 OjuFx 1 OmQ) y^ffi^Si^U OS-CO 
N3yfyt«84/(s (Wifcf, 10 0^Fx4 0m 

Q) 0#SB# g g[ ^ W - rSo 

[00 38] SfKL^nyry^aMtMLT^SgL 
[0 0 39] 

[»14] Re( ma!£ )=T C /C llin 



[0033] 

mi2] 

se t w * * . aj # n y r y tro^*** c c r 1 1 mm^ 

fflHUi* 2X^1 ^tl. <k<VmnxtiXf- -y 7°iT"— 
[0 0 34] -fim<7)fI£FJT^y^y-^MLT 
y-9" (H6aifcJi07a£J:£) £Sfe5&TI>£i:#T 

twxconyfyfii mr<o^m&-rt 

[00 3 5 ] 
[»13] 

(S3) 

«c\ fcJ:VR e(raax) (^Lv^/s{i»SL<ttC:iiJ; 
h^>w^esr R c *#t4 ^ yry-9-£, !✓ 
^^^^^yfynufflus, caitiff 
*UrC crit «U2LL?>*£\ H6 aKJSJEgtffl&fi 
So C#C Erit *SI<9*£, 07 ac7)J;5^JtE^'a^ 
SixSo C min fc^U^4fcJ:tm eUa!0 fc^U^E 

sR^-r^mTjnyry^^ffli^^tii, ft&m 

cde s Rfc^TT* ayry-tf £iIfKiM> £ t iffi^t=Sr 

ESRfJ«gLfc46, ^^*Ci±{l(j'ayry^ 
^SHcoS^c i ^xm^tit ; ^ ?ME LTfe < . 
UrtfoT, C(iC crit J: 0 < =5r-i>*i^i 

*>S^ S^L^nyr'y-fSHOlEH^TIi, ayf 
y-tf^-f Xlitmt LXwvh<7)ttXfoh o 

[0040] m*3yfyt £iifKUcSL mj±y^/ 

y-^(±, ^C0jE^M5a (C>C crit <7)^) £tz 

«H6a (c<c 0Iit ^*i^) c^L/iftiiff^^^r-t 
siatsj^ts^j&j&s. oc crit o±§^ mm 

ryx (ftX^yTywJ y¥-yyx£^ts) 

t» C<C 0lit c?)^. 
SStESti, M^iW'mTJ^yry^l^t. ft^ 
^Tffl^ffiT. ¥-7mmzWtt£X\ KaK^t 

- F-cfwrrs^'Cftaai^^ y t-^-yx ^s«-rs 
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[0041] *$mtz£t>WEi'*?3.u-?<D-mim 
??>xgiiz]:r> xmmn s>*u m»a* 5 3 ttsu 

V 0Ut £4:jjS?-fl> o «*S5 0«t#5 4^ffilH-5. 

1 c\Xlt, -e«§*ttB£^C t3 4t^ttMEfjiR e )j!c 
J LT^S *iT V ^ . tB^jy— K 5 2 fflffltfjj 
5 3 fc ^Ht , 7 4 - hV * v9 m$k 5 8 *«SS«3 tlX I * 

[0 04 2] 7 4-KA.y?HIft5 8{i, W;L(4\ m 
K (s) =- ( 1/gRj) ( 1/ 

■r ; t . g (i «r§iJtP€*f5 5o«h7y^ y r ? * y 

C^C crit <7>#£\ R 0 = R e 

[0 04 5] 

C<C clit R 0 = (AI 2 

/J^ffi^^Mfl ( C c r i t <7)^StP5 LT ft t fcit 0 X'fo 
[0 04 6] aSSisitftsetfcvvcsaufcRo^ 

(4, l/^l/- ^<7)tr-^ttJ±®H(7)RJKi:^|, 0 C# 
C crit J,Xh«0*^, «ffifflH«®»5 9<0flJ#K ( s ) 

nyfyt5 6<oe£iB:*M yt-^"yx(4, jfcfjny 
r>^o^««tjtR e ^L< Ltzifi^X, 
t-^mJHIH(i. Al load *R 0 fc^D. £*tfi, C 

^C orit CO^ s A I load *R e fc^U\ 
[0047] C^'C crit *}f T'fc 0 . €U!fi||tMt§^5 
9iOflJ#K (s) ^4^«LfcM0"C&-&^, t° 
-?mJ±1I^AV 0Ut {4, ^fc^SLfciotSrS. 
C #c cr it *if o*i^y fc % 0 . Lfc# 

9 znm lx^4 xh-i ^Kh\mmk*mmttiif. 
H6 acDfmmtcfcmzmm±.x% &tm&mmtfm 

[0048] 50(1 V vf fttf>!j$®fl!j£fc: 

(4. R s ^LUr5yxyy'x^yx^u 
m^y- t f«m7jBJ;^j±i£^mt§^m?j6 2 



i&mm 5 9 ^^-tf ; t vx § , m i a^ 6 o t^v > 

pmj±£g WRS 4 5 fc&gSS ii , ^OA^ ^H«ffi 

t ^t^ft-r s aj* 6 2 ££BShr !> . m s t^-r i« 

Uayfyt5 6^c crit *iio*I^-ti4H7 ati 

* t>tih 4 d mj±i^m*§^ 5 9 fcjms-rs 
4oT3ij££fi§ 0 

[0043] 

[Rl 5] 

(l + sR e C) ) (5t4) 

[0044] 
[1*1 6] 

(*5) 

[»17] 

ad /2mC) + (mCR,>/2A I load ) 
(a$6) 

n-^. fe4V'€^3yl>n-7*^^tfi7]6 7S:g(t 
TOO, JE^LTtiJ^«EV out &4i^t--i»«^0l?#6 8 

-?xn. nii®$&6 8iigfflrtx ■ hyy ; Jxfxh 

0. *il3yhn-7 6 6{4±Mts§5T"l)So 'y^y 
^. y^y-^tli, «7JEliS6 8!4, -y 

• v^iy-^^ftS0^€l5@J?^*Elit*t- o 
(4 . l M^MSiJWx >f -/ if- 1 4 is 4 V 1 6 . ^ ty mzx 

fttrfyytfLZfrts, 

[0049] xj>yi-yy- y^'^y-^om^nyb 

O-766CII 2^^ffM*^T"fel> 0 fi^. KB# 
Sfe4t/¥%STftS 0 PWIiiJ»(4, ^J^(f, A. 
S. Kislovski (A. S. *Xu7X*) , 
R. Re d 1 (R. VY)V) . tiklfN. O. Soka 
1 (N. O. Vt])V) N Dynamic analys 
is of s w i t c h i n g ? mo d e DC/D 
C converters (X-f 'y-^y^" ■ t-FDC 
/D C^S^i&e% v ff ) .Van Nostrand 
Reinhold ( 1 99 1 ) , 10 2^.-y'tlEtfe 
§ixTi^4 o ^< t ^6a^oM^I>TG?fM 

l^-«aH0». b^f'Jf^/^Khystere 
tic control), ?WfiM 

fyxmmtfizttih* mmvA^yhu-^ii, m 
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tit* z t &tz h w-im&miz* n x 

wm^m t-t&t^o xti&h o , y ^ y- 9 0 
[00 50] 09 (±. #3&H|jfci£*>f v^y^Jiy 
Wm-tti. , 7 J - H^' >y ? @ft 5 8 ^'mj±feHtMts!§ 

5 9 HJ±fMil« 5 9 a. iiEtita^7 0 , 

B&6 8 (i, V in fc itf^igtgM^ftfc 1 ft(?)X4 . y 
f-7 2i5±tf7 4£-&», ;fl^7s4" v^^Sf^SK 
litftt A 9 L ixT V > S „ «gg-b 6 4 

[0 0 5 1 ] -^7B#^b° 

-twmmm >Yu-?x-fo 0 , «EJt«»7 6 * 

*tf. «J±ib^#i7 6^)A^«i:, Sfiitl7 5^y^ 
niL fej;V'SDSEIi&7 8^til*^t#it$ilTV^ 0 flD 
*HIffi7 8t±, -fOtfJTjZ^, ^COXtSkXfYAJWm 

mm 5co£mttzmmztixuz>„ ttz, nmmm 

8tt, ®£fiJfck£WU mEfe^±Mt§^5 9 0ffi^fc 
il^OXATJ^WSM^/^ flJf#©8 0 . 

(±, m^mj±v 0 ut i y'a*jgmv r e f #(5(3^ 

U^ffi3;ftS*£, flUfcf, 0. OliOi 

#SS^f-^M 8 2 fcffiMSftTfc 0 , 

tiiTJii , fftSEteS 8 4 £ ^ L X , IMM 8 3 
Sill> 0 !gt«8 3(i;, Jif4^7^vs'8 6^J;^Tfi 
^7^<88m> m7J0£#68OX-f 7f7 2fti 

[0 0 5 2] l9«M7f>/- Ix-^jlI"— ?®B<?5 

7 5 0ffiKR s O»A\ mjEEmHiSHS5 9#£j£?-£ 

K* (R 2 /Rj ) =1/ (g*R 0 ) 

[0 0 60] 

R e *C = R 2 *Cj 



izmmt £^i> , zmm. a > r? 9 l orauft 

^L*S*5. #££v/H^'4 7'y-^8 2J±, RIB-f 
Sy^PiT off mt. 9 A 5 y^BT off *5 
©SttS. 7f7 2i3j;i;7 40»I£L, 
>f 7 ^ L ft<7)«SttiMflll Ltetol> . >f y r 7 ^ttSS 
^tficts 7 6 WXl/y^;l/ H ^@}i-ri> t . 1M ^ 

0. ifi^slff5 9*^c7)|fi^J±^fflv^mJ±ib 

K^8 2 <7)* ^ y h* -tJrS . 

[00 53 ] *||Hgt Lfcj^oTlS^-rS f: . 09tOX 
>f ■yfy/iffl'^jl'-^t HlOafciV'HlO 

0Ut «ySik-y 3 y ■ rnvht^tia*, (ii? 

0. 5 6A*»tl4. 5 6AST'«U ^LTMO 
(AI load = 14A) , ft§li}7j«J±fflMAV 0Ut « 

o. 0 7vtl>^„ x^-y^y^"- y^'j.y-^o^°7 

[00 54] V in =5V, V ref = 2. 8V S L=3/x 
H, C=10mF, R e = 5mQ, R s = 5mQ, k = 
0. 01, AI load =14A s AV out = 0. 07V, 
[00 5 5] aj^nyT'ytfOReti:, R e(max) =AV 

0 ut/A i load t i ~>xim$ti&mMmft?fo o , 

iitJi, 0. 07V/14A=5mQCitlC^ 

[00 56 ] iwwta. v out (=v ref )ii, v in = 

V out X *)jz%^C0X\ mimT^X^-l^tL^ 
[0057] 

[»18] m= (V in -V out ) /L= [ (5-2. 
8)V]/3juH = 0. 73 3A///S 

til. 

[00 58] 

[ftl 9] C crit =l 4A/ [ ( 0. 733A//xs) 

( 5mQ) ] =3. 8 1 8mF 

10mF{i3. 8 14mF £*)i>±%UCDX\ C(±C 

h) teRjzmi<%&. ztizmni-ziza. €J±is 
#i. . mj±ifinmiggi 59^09 t^-r i a tses-r s 

[0059] 
[ISC2 0] 

(S7) 

[»2 13 
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e>ko\z)Xfoh^. giimf^y^-6 4(Dhyyx 

wjx^yxcomzmtvK m^y^i&mxmm-f 

5 {Ltztf-oX. icoWtli, g=l/R B ) . 
T"(4. I^TO^ffi£ffl^*§^. 3$7i>,fct*i$8£ 

[0 0 6 1 ] 

Ri = 1 k£2, R 2 =100kQ, Cl=500pF 

hi ob^js^^-ridt, {fctj*EaEgti. 5mQ 

offiK1^;Myt-^>x(df«GU tiJTjny^y^ 

[0 0 62] 7 j — Y^v 9 5 8 CO— ftSSttjgfil 
£Hl UZjjit. Z\,1XU. €ffi!eHmtS#s5 9«i:, f- 
g m [ (R3R4) / (R3 + R4) ] 

[0 0 6 5] 

V cc [ (R 4 ) / (R3 + R4) ] =V re 

[0 0 66] 

C 2 [ (R 3 R 4 ) / (R 3 +R 4 ) ] =C 

itztf^x, S9,siofcj;^i 1 £3iJi-f 

tS» L£*SiM8#. HI 1 1 &F&*fflk 
[0 0 67] #?|BJ(4, *BM^M^ f^m^- 

mat- KfflfflFt«ffiifln*«i»fcffiffl 
i%\^%tymm%-mm&Mzm 1 2 t^-r . z <r> 
mummxn, ^immm^m 1 0 0 1 m^a^i 1 0 

2, 1 0 4r B 1^«J±HtJtGtTffi7J«J±V out ^^f 
S. STJ&(4, A^^SWXS^amEnyhn-^i 
0 5fc4^T$IJfP£fll>m7«6 8£My yf- 
y^UffiU^aU-^Ttis ftMIny r n-? 1 0 
5(4. MtU#l>IEcomJ±ll* ; A7Jl 0 2iS«fctfl 0 4 

y^y-^t14. SjimJI^y 1 0 5(4, il 

[00 68] HI 2«llil(l 0 0 

Z 2, 'Z 1= [ (R 0 ( 1 + sR e C) - 
R 0 (4^5^4V'^6T-5E«§tLTfeD. R s i4 
mfUr ytf 1 0 6 OffifitCfc 0 . R e H 4 V'C (4»f 

§ai*3yfyf 5 6«es r^ «t tP§*Tfc s . 
[0071] hi 2cotffiy3r jLU-fcomtmmco— 
mmmz h 1 3 t*-*- . ssmuny i-n-^ 1 0 5 

(4. tXfP-f^ 'y?Jt<g^ (hysteretic 
comparator) 1 3 0 fc 4 ^CO 

mmiBiwi 3 2fcgag$*ro^. iei«i 3 

2(4. ±ffi 1*54^1 3 4i>4tTRir"^Kl 36S 
*tf. m^@S#68(4, ±fiU>fy*l 38i34lTFft 
X-f7f 140^^, -f-ft^ifu r^-f-A'l 34fc4 
V'l 3 6(;4-?T»J$tL& 0 $tfl4>?9 9U±. -X 



WffitoYJVttyytrfvx&itKh. Yyyx 
a yf? ? v*W^&mm&mBM%\t. Yyy 
xayy^9yxm^9Q^Mzmm^tiXv^A 
yv-yyxb. Yyyxay?'7?yxg a b?)miz 

[oo63]gi9fe4w'Eiii iz*?vBmmmm<7> 



[0064] 
[»22] 

R2AR1 
[*2 3] 

ref 

[&2 4J 



5^9 
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l t Abstract . - 

A method and circuit enable a voltage regulator to 
employ the smallest possible output capacitor (56) that 
allows the regulator's output voltage (V OM ) to be maintained 
5 within specif led . boundaries for large bidirectional step 
changes in load current. This is achieved by employing an 
output capacitor which has a combination of the largest 
possible equivalent series resistance (ESR) and lowest 
possible capacitance that ensures that the peak voltage 
I deviation for a step change in load current (AI lM0 ) is no 
greater than the maximum allowed (AV^,) , and by compensating 
the regulator to ensure a response that is flat .after the 
occurrence of" the peak deviation. The invention is 
applicable to both switching and linear voltage regulators. 
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